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(54) Vessel comprising stabilized resin composition 

(57) Vessels are heat-moulded from resin compositions comprising an ethylene/vinyl alcohol copolymer and a 
propylene resin or a carbonyl group-containing thermoplastic resin having incorporated therein a stabilizer selected 
from alkaline earth metal hydroxides, oxides and silicates and alkaline earth metal salts of higherfatty acids and an 
antioxidant. The stability of the resin composition is improved, and deterioration of the resin composition such as 
gelation, discoloration or reduction of the gas barrier property is prevented when this composition is heat-molded into 
a vessel. 
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SPECIFICATION 

Vessel comprising resin composition 

5 Background of the invention 5 

(1 ) Fieidoftiie invention 

The present invention relates to a vessel comprising a composition having an improved stability, which 
comprises an ethylene/vinyl alcohol copolymer and a propylene resin or a thermoplastic resin having in the 
main chain or side chain a carbonyl group derived from a carboxyllc acid, carboxylicacid salt carboxylic 

1 0 anhydride, carboxylic acid amide, carboxylic add ester or carbonic acid ester. More particularly, the present 10 
invention relates to an improvementbywhichthe above-mentioned resin composition is stabilized against 
gelation, discoloration and reduction of gas barrier properties caused when the resin composition is heat* 
molded Into a vessel. Moreover, the present invention relates to a single-layer or multiple-layer plastic vessel 
having at least one layer composed of the above-mentioned resin composition. 

15 15 

(2) Description ofttie prior art 

Among various resins, an ethylene/vinyl alcohol copolymer is one of resins most excellent in the resistance 
against permeation of gases such as oxygen, and this resin is widely used as packaging vessels such as 
bottles and cups and films while this characteristic is utilized. 

20 This ethylene/vinyl alcohol copolymer is sensitive to the moisture, and the resin is defective in that under 20 
such a high moisture condition as a relative humidity of 100%, the oxygen permeation coefficient is increased 
about 1 0 times. As means for eliminating this defect, there have been widely adopted a method in which the 
ethylene/vinyl alcohol copolymer is blended with a lowly water-absorbing resin excellent in the resistance 
against permeation of steam or water vapor, such as polyethylene or polypropylene, and a method in which a 

25 gas barrier layer comprising this copolymer is sandwiched between inner and outer surface layers of the 25 
above-mentioned lowly water-absorbingjresin to form a laminate structure in which the influence of the 
moisture on the ethylene/vinyl alcohol copolymer is reduced. 

In Japanese Patent Publication No. 30104/76, it is taught that when a two-component or three-component 
resin composition comprising an ethylene/vinyl alcohol copolymer, a polyolefin and optionally a thermo- 

30 plastic resin having a carboxylic acid group or its derivative group is extrusion-molded under certain con- 30 
ditions, there can be obtained a molded structure having a layer in which the ethylene/vinyl alcohol 
copolymer or polyolefin Is preferentially distributed. 

Furthermore, in Japanese Patent Publication No. 1 1263/77, it is taughtthat when an ethylene/vinyl alcohol 
copolymer and a polyolefin are co-extruded, if a thermoplastic resin having a carboxylic acidgrouporits 

35 derivative group is incorporated in one or both of the two resin layers, the interlaminar adhesiveness be- 35 
tween the two resin layers can be improved. 

A multi-layer plastic vessel comprising a polypropylene layer excellent in the moisture resistance and 
mechanical characteristics and an ethylene/vinyl alcohol copolymer layer excellent in the oxygen barrier 
property, which are laminated through an adhesive layer composed of a maleic anhydride-modified poly- 

40 olefin, is used In the fields of cosmetics, chemicals and toiletry products as a vessel excellent in the content- 40 
preservative property in the form of a bottle, a cup, a pouch orthe like. 

Furthermore, in forming a bottle or cup, scraps of the laminate or layer are inevitably formed, andthese 
scraps are used as the regrind and reclaimed as constituents of the co-extrudate laminate. 
However, if a blend comprising an ethylene/vinyl alcohol copolymer, a thermoplastic resin having a car- 

45 boxylic acid group or its derivative group and optionally a polypropylene is placed under melt-molding con- 45 
ditions, deterioration such as gelation, discoloration (scorching) or degradation of the gas barrier property is 
caused. From the results of research made by us, it was confirmed that the deterioration of this resin composi- 
tion is due to deterioration ofthe ethylene/vinyl alcohol copolymer, and no effective means for preventing 
this deterioration has been developed, 

50 50 
Summary ofttie invention 

Wefoundthat if a compound such as a hydroxide or higherfatty acid saltof an alkaline earth metal and an 
antioxidant are incorporated into a composition comprising an ethylene/vinyl alcohol copolymer and a pro- 
pylene resin or a thermoplastic resin having a carboxylicacid group or its derivative group, deterioration of 
55 the copolymer under heat-molding conditions is effectively prevented. 55 

It isa primary object ofthe present invention to provide a vessel having at least one layer composed of a 
stabilized resin composition in which the above-mentioned defects ofthe conventional resin composition are 
eliminated. 

Another object of the present invention is to provide a novel resin composition in which deterioration such 
60 as gelation, discoloration or reduction ofthe gas barrier property is effectively prevented even if the resin 60 
composition is exposed to heat-melting conditions, especially when the resin composition Is repeatedly 
exposed to heat-melting conditions. 

Still another object of the present invention isto provide a plastic vessel composed ofthe above-mentioned 
resin composition, in which discoloration or adhesion of a foreign substance is not caused and the appear- 
65 ance characteristics and gas barrier properties are excellent. 65 
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Still another object of the present invention is to provide a resin composition which is exceilent in the heat 
moldabllity and the molding operation efficiency so that adhesion of the resin composition to a die orresid- 
ence of a foreign substance in an extruder is prevented. 

Still another object of the present invention is to provide a single-layer or multiple-layer plastic vessel 
5 comprising atleastonelayercomposedofthe above-mentioned resin. 5 

Afurther object ofthe present invention is to provide a multiple-layer plastic vessel in which a scrap resin 
produced atthe step forming the vessel is effectively reclaimed. 

In accordance with one fundamental aspect of the present invention, there is provided a vessel comprising 
at least one constituent layer composed of a resin composition comprising (i) an ethylene/vinyl alcohol 
10 copolymer, (ii) a resin selected from the group consisting of a propylene resin and a polargroup-containing 10 
thermoplastic resin having in the main chain or side chain a carbonyl group derived from a compound selec- 
ted from the group consisting carboxylic acids, carboxylic acid salts, carboxylic anhydrides, carboxylic acid 
amides, carboxylic acid esters and carbonic acid esters, (Hi) atleastonestabllizerselectedfromthegroup 
consisting of alkaline earth metal hydroxides, oxides and silicates and alkaline earth metal salts of higherfatty 
15 acids and (iv) an antioxidant. 15 

In accordance with another fundamental aspect ofthe present invention, there is provided a vessel com- 
prising at least one constituent layer composed of a resin composition comprising (i) an ethyl eneMnyl 
alcohol copolymer, <ii) a polar group-containing thermoplastic resin having in the main chain or side chain a 
carbonyl group derived from a compound selected from the group consisting of carboxylic acids, carboxylic 
20 acid salts, carboxylic anhydrides, carboxylic acid amides, carboxylic acid esters and carbonic acid esters, (III) 20 
at least one stabilizer selected from alkaline earth metal hydroxides, oxides and silicates and alkaline earth 
metal saltsof higherfatty acids, (iv) an antioxidant and (v) an olefin resin. 



Detailed description ofthe preferred embodiments 

25 As pointed out hereinbefore, the present invention is based on the finding that if (iii) at least one stabilizer 25 
selected from the group consisting of alkaline earth metal hydroxides, oxides and silicates and alkaline earth 
metal salts of higherfatty acids and (iv) an antioxidant are incorporated Into a resin composition comprising 
(i) an ethylene/vinyl alcohol copolymer, (ii) a propylene resin or a polar group-containing thermoplastic resin 
having in the main chain or side chain a carbonyl group derived from a compound selected from thegroup 

30 consisting of carboxylic adds, carboxylic acid salts, carboxylic anhydrides, carboxylic acid amides, car- 30 
boxyiicacid esters and carbonic acid estersand optionally, (v) an olefin resin, deterioration such as gelation, 
discoloration (scorching) or reduction ofthe gas barrier property is effectively prevented when this resin 
composition is placed under heat-melting conditions. 
Occurrence ofthe above-mentioned deterioration ofthe ethylene/vinyl alcohol copolymer in the form of 

35 the above-mentioned resin composition under heat-melting conditions is a very peculiar phenomenon, and 35 
the cause of this phenomenon has not been elucidated. Moreover, if gelation of this ethylene/vinyl alcohol 
copolymer is caused, residence ofthe gelled copolymer as a foreign substance in an extruder or adhesion of 
the gelled copolymer to a die is caused, and furthermore, adhesion of the foreign substance to a molded 
article such as a vessel or breaking ofthe layer is caused. Moreover, a discolored substance (scorched subst- 

40 ance) Is Incorporated Into the molded article to degrade the appearance characteristics and the gas barrier 40 
property to oxygen or the like is drastically degraded. 

From the result of research made by us, it has been confirmed that the deterioration ofthe ethylene/vinyl 
alcohol copolymer is due to the fact that a carboxylic acid group or carboxylic anhydride group is present In 
the carbonyl group-containing thermoplastic resin or even if such a group is not present underordinary 

45 conditions, a carboxylic acid group or carboxylic anhydride group is formed by thermal decomposition or 45 
hydrolysis under heat-melting conditions, and that this group causes gelation, discoloration and reduction of 
the gas barrier property In the ethylene/vinyl alcohol copolymer in the molten state. The reaction course of 
this deterioration has not been completely elucidated, but in view of the foregoing phenomenon, it is pres- 
umed that the reaction is a complicated radical reaction including dehydration (isolation of thehydroxyl 

50 group), esterification and crosslink! ng. 50 
Furthermore, from the results of our research, it is presumed thatthe above-mentioned deterioration ofthe 
ethylene/vinyl alcohol copolymer is due also to crosslinking or cutting ofthe molecule by titanium trichloride 
(TiC^a) contained as the catalyst residue In the propylene resin or other reaction residue. 
More specifically, a Ziegler-Natta catalyst, for example, 3TiC^3-A^C^3 -H A^{C2H5)2C^, is used as the catalyst 

55 for polymerization of propylene, andJiC^aor its reaction product is contained in a propylene resin, though in 55 
a minute amount, it is considered that since the ethylene/vinyl alcohol copolymer exposed to the melting 
temperature is present together with the propylene resin atthe extrusion step, crosslinking reaction or cut- 
ting ofthe molecule is promoted in the ethylene/vinyl alcohol copolymerto advance the deterioration. 
In the case where the above-mentioned resin composition contains a scrap resin formed when a multi-layer 

60 plastic vessel comprising a propylene resin layer and an ethylene/vinyl alcohol copolymer layer is prepared, 60 
since this scrap resin has been once subjected to a severe operation such as melt extrusion, deterioration has 
already been advanced in the ethylene/vinyl alcohol copolymer in the scrap resin. Accordingly, if this scrap 
resin is reclaimed forformation of a vessel, it is considered that by the action of TiC^a as the catalyst residueor 
the like, the deterioration ofthe ethylene/vinyl alcohol copolymer Is promptly advanced. 

65 Many and various inorganic and organiccompounds are known as the compound reacting with the acid. 65 
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According to the present invention, it wasfound that among these compounds, an alkaline earth metal hydro- 
xide, oxide or silicate or an alkaline earth metal salt of a higher fatty acid is especially effective for preventing 
the above-mentioned deterioration and if this compound is used in combination with an antioxidant, the 
preventing effect is further en ha need. 
5 The present invention will now be described In detail. 5 

Ingredients 

The ethylene/vinyl alcohol copolymer (i) used in the present invention contains 30 to 80 mole% of vinyl 
alcohol units, and this copolymer is obtained by saponifying an ethylene/vinyl acetate copolymer, especially 

10 to a saponification degree of at least 99%. 10 
The molecular weight of the saponified ethylene/vinyl acetate copolymer is not particularly critical, so far as 
it is a film-forming molecular weight. The viscosity of the saponified ethylene/vinyl acetate copolymer is 
ordinarily measured by using a mixed solvent comprising 85% by weight of phenol and 1 5% by weight of 
water, and a saponified copolymer having an intrinsic viscosity (ti) of 0.07 to 0.1 7 if /g as measured at SOX by 

15 usingthis mixed solvent is preferred for attaining the objects of the present invention. If the intrinsic viscosity 15 
(ti) Is lowerthan 0.07 /'/g, the mechanical strength of the molded article is insufficient, and if is higherthan 
0.17 ^/g, the moldabilityofthe resin composition is degraded. 

The propylene resin, which is one type of the resin (ii) to be used in combination with the ethylene/vinyl 
alcohol copolymer, is a crystalline propylene resin by homopolymerizing propylene by using a so-called 

20 Ziegler-Natta catalyst ora crystalline propylenecopolymer resin composed mainlyof propylene, obtained by 20 
copolymerizing propylene with other olefin such as ethylene or butene-1 by using a Ziegler-Natta catalyst. 
Furthermore, a crystalline copolymer resin obtained by g raft-polymerizing or block-polymerizing ethylene or 
a compound having an ethylenically unsaturated bond to a crystalline propylene resin as described above by 
using aZiegler-Natta catalyst or other polymerization catalyst. 

25 Another type of the resin (H ) to be used in combination with the ethylene/vinyl alcohol copolymer is a polar 25 
grou prcontaining thermoplastic resin having in the main chain or side chain a carbonyl group-containing 
g roup derived from a free carboyxlic acid, a carboxylic acid salt, a carboxylic anhydride, a carboxylic acid 
amide, a carboxylic acid ester or a carbonic acid ester. Specific examples of the polar group-containing 
thermoplastic resin will now be described, though thermoplastic resins that can be used are not limited to 

30 those exemplified below. 30 
(a) Homopolymers or copolymers of monomers represented by the following general formula: 



35 CHz^C 35 

^C-O-Rz 

II 
O 



40 



40 



wherein Ri stands! or a hydrogen atom or a lower a IkyI group and R2 stands for a hydrogen atom or an alkyi 
group having 1 to 12 carbon atoms, and copolymers of monomers represented by the above formula (1 ) with 
olefins or other vinyl monomers, such as polyacrylic acid esters, polymethacrylic acid esters, ethyl ene/a cry lie 
acid ester copolymers, acrylic acid ester/acrylic acid copolymers, acrylic acid-grafted polyethylene, acrylic 
45 acid-grafted polypropylene, metahacry lie acid-grafted polyethylene, ethylene/acrylic acid ester/acrylic acid 45 
copolymers, ethylene/acrylic acid copolymers, sty rene/methacrylic acid ester/acrylic acid copolymers, ac- 
rylic acid ester/vinyl chloride copolymers, methacrylic acid ester/vinyl chloride copolymers, styrene/ 
methacrylic acid ester/butadiene copolymers and methacrylic acid ester/acrylonitrile copolymers. 

(b) Homopolymers or copolymers of carboxylic acid vinyl esters represented by thefollowing general 

50 formula: 50 

CH2=CH 

55 J 3 55 

wherein R3 stands for a hydrogen atom, an alkyl group or a phenyl group, and copolymers of the formula (2) 
with olefins or other vinyl monomers, such as polyvinyl acetate, polyvinyl vinyl monomers, such as polyvinyl 
acetate, polyvinyl propionate, ethylene/vinyl acetate copolymers, acrylic acid ester/vinyl acetate copolymers 
60 and vinyl chloride/vinyl acetate copolymers. 60 

(c) lonomers,that is, resins obtained by neutralizing copolymers of olefins with unsaturated carboxylic 
aci c -nd optionally other vinyl monomers, with an alkali metal, an alkaline earth metal or an organic base, 
sue jsDurlyns supplied by du Pont. 

(a) Copolymers of maleic anhydride with other vinyl monomer and copolymers obtained by grafting 
65 maleic anhydridetopolyolefins, such as maleicanhydride-grafted polyethylene, maleic anhydride-grafted 65 
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polypropylene and m a! eic anhydride/vinyl chloride copolymers. 
(e) Polyamides comprising recurring units represented by thefollowing general formula: 

O 

II 

-{-NH-(CH2)„-Cf- (3) 



10 4-NH-(CH2)„-NH-C-(~CH2)m-C4- (4) 10 

wherein n is a number of from 3 to 13 and m is a number of from 4 to 11, 
such as poly-cD-aminocaproicacId, poly-w-aminoheptanoicacid, poly-cu-aminocaprylicacid^poly-cu- 
aminopelagonicacid, poly-^-aminodecanoic acid, poly-co-amlnoundecanoicacid, poly-co-aminododecanoic 

15 acid, poiy-oj-aminotridecanoic acid, polyhexamethyleneadlpamide,polyhexamethylenesebacamide, poly- is 
hexamethylenedodecamide, polyhexamethylenetridecamide,polydecamethy!eneadlpamlde,poly- 
decamethylene sebacamide, polydecamethylene dodecamide, polydecamethylene tridecamide, poly- 
dodecamethylene adipamide, polydodecamethylene sebacamide, polydodecamethylene dodecamide, poly- 
dodecamethylene tridecamide, polytridecamethylene adipamide, polytridecamethylene sebacamide, poly- 

20 tridecamethylene dodecamide, polytridecamethylene tridecamide, polyhexamethyleneazelamide, poly- 20 
decamethylene azelamide, polydodecamethylene azelamide, polytridecamethylene azelamide and copolym- 
aides of two or more of them. 

Furthermore, partially aromatic polyamides derived from p- and/or m-xylylene diamine and a dibasic acid 
such as adipicacid orsebacicadd may be used. 

25 (f) Polyesters comprising recurring units represented by thefollowingformula: 25 

O O 

II II 

-f-0-R4-0-C-R5-C-)- (5) 
30 30 

O 
II 

-4-0-R4-0~Rs-C-)- (6) 

35 wherein R4 stands for an alkylene g roup having 2 to 6 carbon atoms and R5 stands for an alkylene orarylene 35 
group having 2 to 24 carbon atoms, such as polyethylene adipate, polyethylene sebacate, polyethyleneter- 
ephthalate, polytetra methylene isophthalate, polyethylene terephthalate/isophthalate and polybutyleneter- 
ephthalate. 

Furthermore, bisphenol Aterephthalate, bisphenol A isophthalate and a copolymer thereof may be used. 
40 (g) Polycarbonates represented by the following general formula: 40 

4-R11-O-C4- '7) 
II 

O 



45 



45 



wherein Rn stands for a hydrocarbon group having 8to 15 carbon atoms, such as po(y-p-xylene glycol 
biscarbonate, poly-dioxydiphenylmethane carbonate, poly-dioxydiphenylethane carbonate, poly- 
d{oxydiphenyl-2,2-propane carbonate and poly-dioxydiphenyl-1,1 -ethane carbonate. 
It is preferred that the polar group-containing thermoplastic resin used in the present invention should 
50 contain a carbonyl group derived from a free carboxylicacid, a carboxylic acid salt, a carboxylic acid ester, a 50 
carboxylic acid amide, a carboxylic anhydride or a carbonic acid ester at a concentration of 5 to 1000 meq 
(milliequivalent) per 1 00 g of the polymer. 

The polar g roup-containing thermoplastic resin is substantially linear, and should be molten at a melt- 
molding temperature of the final resin composition, for example, 170to300''C, preferably at a temperature of 
55 180to250*'C. 55 
Of course, these polar group-containing thermoplastic resins may be used singly or in the form of a mixture 
of two or more of them. 

Any of polyolefins customarily used for the production of films or vessels can be optionally used asthe 
olefin resin (v) in combination with the above-mentioned resin components. For example, homopolymers 
60 and copolymers of olefins represented by thefollowing general formula: 60 

CH=CH 18) 
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wherein R standsfor a hydrogen atom or an alkyi group having up to4carbon atoms. 

In order to impart a sufficient mechanical strength to the final molded structure, it is important that such an 
olefin homopolymer or copolymer should be crystalline. As examples of the polyolefin satisfying this re- 
quirement, there can be mentioned low-density polyethylene, medium-density polyethylene, high-density 
5 polyethylene, Isotactic polypropylene, a crystalline ethylene/propylene copolymer, polybutene-1 and poly- 5 
pentene-I.Ofcourse, the polyolefin that is used in the present invention is not limited to an olefin homo- 
polymer or a copolymerof twoor more of olefins, but a copolymer of an olefin with a small amount of other 
comonomer In arange not substantially changing the properties of the polyolefin, for example, up to 5 mole% 
of other ethylenically unsaturated monomer, may be used. 
10 The molecularweight of the polyolefin is within a film-forming range. For example,a polyolefin having an 10 
average molecular weight of 5000 to 400000 {melt index Ml of 0.05 to 5.0 g/IOmin (ASTM-1 238)) is ordinarily 
preferred. 

Apolyolefin having an aromatic hydrocarbon group as thesuspending group R,forexample, polystyrene 
or a styrene/butadiene copolymer, may be used as the olefin resin. 

15 According to the present invention, at least one stabilizer selected from the group consisting of hydroxides, 15 
oxides, silicates and higherfatty acid salts of alkaline earth metals such as magnesium, barium and calcium is 
incorporated Into the above-mentioned resin components. As the higherfatty acid salt, there can be men- 
tioned alkaline earth metal salts of saturated or unsaturated fatty acids having 10 to 26 carbon atoms, such as 
palmitic acid, myristic acid, stearic acid, oleic acid, linolic acid, iinoleic acid, beef-tallow fatty acid, coconut oil 

20 fatty acid and palm oil fatty acid. 20 
Preferred examples are magnesium hydroxide, magnesium oxide, magnesium silicate basic magnesium 
silicate including talc, magnesium oleate, magnesium stearate, basic magnesium stearate, barium hydro- 
xide, barium silicate, barium stearate, calcium hydroxide, calcium silicate and calcium stearate. Among 
them, magnesium compounds are especially preferred for attaining the objects of the present invention. 

25 Magnesium hydroxide, a magnesium or calcium salt of a higher fatty acid ora combination of magnesium 25 
hydroxide and a magnesium salt of a higherfatty acid is particularly preferred. If a covering layer of a mag- 
nesium salt of a higherfatty acid is formed on the surface of magnesium hydroxide particles, there can be 
attained a good dispersibility of the stabilizer into the resin and an excellent deterioration-preventing effect. 
In the present invention, it is important that the above-mentioned alkaline earth metal type stabilizer should 

30 be used incomblnation with an antioxidant. Sterically hindered phenols are preferred as the antioxidant. 30 
Specific examples are alkyI gallates (propyl, octyl and dodecyl gallates), guaiacum, p-methoxyphenol, alkyla- 
ted phenol, styrenated phenol, styrenated cresol, butylated styrenated cresol, phenylphenol, methyl salicy- 
late, phenyl salicylate, p-tert-butylphenyl salicylate, methyl-p-hydroxybenzoate, propyl-p-hydroxybenzoate, 
hydroquinonemonobenzyl ether, butylated hydroxytoluene,2,5-di-tert-amylhydroquinone,4- 

35 hydroxymethyl-2,6-di-tert-butylphenol,2,6-di-tert-butyl-p-phenylphenol, 4,6-dinonyl-o-cresol, butylated 35 
hydroxyanisole,4,4'-dihydroxydiphenylpropane-2,2'(blsphenol A), polybutylated (mixture) 4,4'- 
isopropylidene-diphenol,2,2'-methylene-bis(4-methyl-6-tert-butylphenol),2,2'-methylene-bis(4-ethyl-6- 
tert-butylphenol),2,2'-methylene-bis(4-methyl-6-tert-octvlphenol), 2,2'-methylene-bis(4-methyl-6- 
nonylphenol),2,2'-methylene-bis(6-(1-methylcyc!ohexyl)-p-cresol), a mixture of 2,2'-methylene-bis(4- 

40 methyl-6-nonylphenol) and 2,6-bis(2-hydroxy-3-nonyl-5-methyl benzyl )-p-cresol, 4,4'-butylidene-bis(6-tert- 40 
butyl-m-cresol),tris(2-methyl-4'-hydroxy-5-tert-butylphenyI)butane,tetrakis(methylene-3-(3',5'-di-tert- 
butYl-4'-hydroxyphenyl)propionato)methane,1,3,5-trimethy!-2,4,6-tris(3,5-di-tert-butyl-4- 
hydroxybenzyl)benzene,n-octadecyl-p-(4'-hydroxy-3',5'-di-tert-butylphenyI)-proplonate,N-n-alkyl-N'- 
(carboxymethyl)-N,N'-trimethylene-diglycine,2-n-octyl-thlo-4,6-di(4'-hydroxy-3',5'-di-tert-butyl)phenoxy- 

45 1,3,5-trlazine, thlo-bls(methylbutylphenol), 4,4'-thio-bis(6-tert-butyl-m-cresol), 2,4,5- ^ 45 

trihydroxybutyrophenone, 2-hydroxy-4-methoxybenzophenone, 2-hydroxy-4-n-octoxybenzophenone, 2,2'- 
dihydroxy-4-methoxybenzophenone, 2-hydroxy-4-methoxy-2'-carboxybenzophenone, 2-(2'-hydroxy-5'- 
methylphenyObenzotrrazole, 2-(2'-hydroxy-3'-tert-butyl-5'-methylphenyl)-5-chlorobenzotriazoleand2-(2'- 
hydroxy-3',5'-dl-tert-butylphenyl)-5-chlorobenzotriazole. Furthermore, tocopherols may be used. 

50 

Resin composition 

In the resin composition, the ratio between theethylene/vinyl alcohol copolymer (i) and the resin (ii) selec- 
ted from a propylene resin and a polar group-containing thermoplastic resin may be changed within a con- 
siderably broad range. In the case where the ethyleneA/inyl alcohol copolymer (I) is used for imparting a gas 

55 barrierpropertyandthepolargroup-containing resin (ii)isusedforimparting an adhesiveness, themajority 55 
of the resin is occupied by the copolymer (i). In case of the resin composition comprising the olefin resin (y) in 
addition to theethylene/vinyl alcohol copolymer (i) and the polar group-containing thermoplastic resin (ii), 
the ratio among these resin components may be greatly changed. For example, in case of a resin composition 
which is excellent in both the gas barrier property and interlaminar adhesiveness, the olefin resin content is 

60 relatively low, but when the regrind of a multi-layer structure comprising an olefin resin layer, an ethylene/ 60 
vinyl alcohol copolymer layer and a polar group-containing thermoplastic adhesive layer is used, the olefin 
resin is present at a relatively high content. 

In each case, it is preferred that the gelation-preventing stabilizer be present in an amount of 0.01 to 3% by 
weight, especially 0.05 to 1 % by weight, particu larly especially 0.05 to 0.5% by weight, and that the antioxi- 

65 dant be present in an amount of 0.01 to 3% by weight, especially 0.02 to 2% by weight, particularly especially 65 



50 
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0.05 to 0.5% by weight. More specifically if the amount of the stabilizer or antioxidant is too small and below 
the above-mentioned range. It is difficultto completely prevent discoloration or gelation, and if the amount of 
thestabilizer or antioxidant is too largeand exceeds the above-mentioned range, bleeding of the stabilizer or 
antioxidantf rem the molded article is caused, resulting In drastic degradation of the appearance of the mol- 
5 ded article or drastic reduction of the Interlamlnar adhesiveness In the multi-layer molded article. 5 
In case of the four-component composition, the ethyleneMnyl alcohol copolymer (i) can be present in an 
amount of 1 to 90% by weight, especially 2 to 80% by weight, and the resin (li) can be present in an amount of 5 
to 98% by weight, especially 10 to 80% by weight. In case of the five-component composition, the ethylene/ 
vinyl alcohol copolymer (i) can be present in an amount of 1 to 90% by weight, especially 2 to 80% by weight, 
10 the polar group-containing resin (ii) can be present in an amountof 1 to 90% by weight, especially 2 to 80% by 10 
weight, and the olefin resin (v) can be present in an amount of 5 to 98% by weight, especially 1 0 to 90% by 
weight. 

In the present invention, other resins or additives such as a filler, a colorant and a lubricant may be added to 
the above-mentioned resin composition, so far as the properties of the resin composition are not substantia 
15 allychanged. 15 

Mofded article and vessel 

According to the present invention, the above-mentioned resin composition is melt-extruded or injection- 
molded into a vessel, a film or a sheet. The molded article may have a single layer structure of the above- 

20 mentioned resin composition, or the above-mentioned resin may be co-extruded with other resin or resin 20 
composition to form a molded article having a laminate structure. 

As the resin to be co-extruded with the resin composition of the present invention, there can be mentioned 
lowly water-absorbing resins such as olefin resins, polyesters and polycarbonates, ethylene/vinyl alcohol 
copolymers, adhesive resins and blends of two or more of the foregoing resins. Several examples of the layer 

25 structure are described below, though structures that can be adopted in the present invention are not limited 25 
to those exemplified below. Incidentally, in the following description, BLstandsforthe resin composition of 
the present invention, LMFJ standsfor a lowly water-absorbing resin, EVOHstandsfor an ethyleneA^inyl 
alcohol polymer, and AD standsfor an adhesive resin. 
Single Layer Structure 

30 BL 30 

Two-Layer Structure 

BL/LMRand BL/EVOH 
Th ree-Lay er Stru ctu re 

BUEVOH/BL, BL/EVOH-hAD/BL, BL/EVOH+AD+LMR/BL, EVOH/AD/BL and EVOH/BL/LMR 
35 Four-Layer-Structure 35 

LMR/BL/EVOH/LMR+AD and LMR/BL/EVOH+AD/LMR 
Five-Layer Structure 

BL/AD/EVOH/AD/BL, LMR/AD/EVOH/AD/BLand BL/EVOH/BUEVOH/BL 
Six-Layer Structure 

40 LMR/AD/EVOH/AD/BL/LMR 40 

Seven-Layer Structure 

LMR/BL^AD/EVOH/AD/BL/LMR 
Eig ht-Layer Stru ctu re 

LMR/BL/LMR/AD/EVOH/AD/BL/LMR 
45 Nine-Layer Structure 45 
LMR/BL/LMR/AD/EVOH/AD/LMR/BL/LMR 

As the adhesive resin, there is used a thermoplastic resin modified by grafting with an ethylenlcally un- 
saturated carboxyltc acid or its anhydride such as acrylic acid, methacrylic acid or maleic anhydride, and 
50 polyethylene, polypropylene and an ethylene/vinyl acetate copolymer, which are thus modified, are prefer- 50 
red. 

The resin composition of the present invention is melt-kneaded, for exam pie, by a kneader and extruded 
into a predetermined shape th roug h a die such as a T-die or circular die. 

In case of simultaneous extrusion of multiple layers, melt kneading is carried out In extruders correspond- 
55 ing to the respective layers, and the melts are extruded through a multi-layer multi-ply die. 55 

The molded article can take the form of a film, a sheet, a parison or pipe for formation of a bottle ortube, or a 
preform for formation of a bottle ortube. 

Formation of a bottle from a parison, pipe or preform formed by extrusion molding or injection molding 
can be easily accomplished by gripping an extrusion-molded or injection-molded body by a pair of split 
60 molds and blowing a fluid such as air into the interior. Furthermore, a draw-blow-formed bottle is obtained by 60 
cooling a pipe or preform, heating the pipe or preform to the drawing temperature and drawing the pipe or 
parison in the axial direction while blow-drawing the pipe or parison in the circumferential direction by a 
compressed fluid. 

At ilm or sheet is formed into a cup-shaped or tray-shaped packaging vessel by such as means as vacuum 
65 forming, compressed airforming, expansion forming or plug assist forming. 65 
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Effects 

In the resin composition of the present invention, since thermal deterioration of the ethylene/vinyl alcohol 
copolymer in the composition is effectively controlled during the molding operation orthe like, when the 
composition is subjected to a vessel-forming operation, a vessel in which the gas barrier property is not 
5 influenced by the moisture can be obtained without degradation of the appearance characteristic and the 5 
mechanical characteristics such as the impact resistance. In case of a multi-layer structure, since deteriora- 
tion of the resin composition layer is prevented, the adhesion strength is improved. 
Furthermore, since thermal deterioration of the ethylene/vinyl alcohol copolymer in the resin composition 
4 is prevented, good extrusion characteristics can be maintained and so-called scorching is not caused, and an 

10 extrusion-molded articlef ree of defects such as surging, fish eyes and depressions can be obtained. 10 
Moreover, the present invention Is advantageous In that a scrap composition such as a so-called regrind 
> formed atthe vessel-forming step can be reclaimedforformationof a vessel. In short, the present invention is 

very advantageousfrom the resource-saving viewpoint. When the resin composition of the present invention 
is used for formation of a vessel or the like, a scrap composition such as a regrind can be directly used again, 
15 so far as the stabilizer and antioxidant are contained in the above-mentioned amounts. 15 
The present invention will now be described tn detail with referenceto the following exam pies that by no 
means limit the scope of the invention. 



Example 1 and Comparative Example 1 

20 To 100 parts by weight of a mixture comprising an ethylene/vinyl alcohol copolymer having an ethylene 20 
content of 27 mole%, a saponification degree of 99.5 mole% and a melt index of 1 .5 g/1 0 min (ASTM D-1 238), 
an ionomer resin of the Na ion type having a dentisy of 0.94 g/cc (ASTM D-1 505) and a melt index of 1 .2 g/1 0 
min and low-density polyethylene having a density of 0.923 g/cc and a melt index of 1 ,0 g/1 0 min at a weight 
ratio of 60/20/20 were added 0.5 part by weight of magnesium stearate and 0.2 part of 2,6-di-tert-butyl-p- 

25 cresol (BHT), and the mixture was dry-blended and pelletized by using an extruded provided with a screw 25 
having a diameter of 65 mm and an effective length/diameter ratio (I_/D) of 22 at set temperatures of 200**C, 
200°C,230Xand 230'*C in order from the feed zone of the screw at a screw rotation number of 50 rpm and an 
extrusion rate of 65 kg/hrto obtain a kneaded pellet (hereinafter referred to as "pellet A"). For comparison, a 
kneaded pellet (hereinafter referred to as "pellet B") was prepared in the same manner as described above 

30 except that magnesium stearate and BHT were not added, 30 
The pellet was kneaded at a chamber temperature of 230°C and a rotor rotation number of 60 rpm for 30 
minutes by using a Brabender plastograph (supplied by BrabenderCo.) and a sheet having a thickness of 
about 300 fjim was formed by using a high-pressure press setat250X. 
A cup-shaped vessel was prepared from the sheet obtained from the pellet A according to the ordinary plug 

35 assist forming method. 35 
Each of the sheets A and B was observed over an area of 1 cm^ at 1 00 magnifications by a universal projec- 
tor and the numberof black specks of a deterioration product was counted. 

In case of the sheet A, the number of black specks was 0 per cm^, but in case of the sheet B, the numberof 
black specks was 80 per cm^. 

40 From the point of initiation of the pelletizing operation, formation of a gelatinuous substance in a die lip and 40 
adhesion of the gelatinous substance to the die lip were checked. In the pellet A, formation or adhesion of the 
gelatinuous substancewas not observed, but in case of the pellet B, after passage of about 1 hourfromthe 
point of initiation of the pelletizing operation, the gelatinous substance began to appear and therefore, the 
pelletizing operation was carried out while removing the adhering gelatinous substance at intervals of 1 hour. 

45 45 
Example 2 and Comparative Example 2 

A mixture (hereinafter referred to as "C") of 100 parts by weight of low-density polyethylene havinga 
density of 0.925 g/cc and melt index of 1 .5 g/1 0 m in (containing 5 parts by weight by vinyl acetate), 0.05 parts 
by weight of magnesium stearateand 0.05 parts by weight of BHT was supplied to a first extruder (screw 

50 diameter = 65 mm, effective length/diameter ratio LVD = 25) for formation of inner and outer layers and the 50 
pellet A obtain in Example 1 was supplied to a second extruder (screw diameter = 30 mm, effective length/ 
diameter ratio L/D = 20) for formation of an intermediate layer, and both the resins were combined in a 
common dieto form a two-resin three-layer parison. The parison was blow-formed under a blow pressure of 
6 kg/cm^to obtain a multi-layer bottle having an inner capacity of 500 cc (hereinafter referred to as "bottle 

55 A-C"). 55 
For comparison, a multi-layer bottle (hereinafter referred to as "bottle B-D") was prepared in the same 
manneras described above exceptthatthesame low-density polyethylene (referred to as "D") as described 
above, to which magnesium stearate or BHT was not added, was supplied to the first extruder and the pellet B 
obtained in Example 1 was supplied to the second extruder. 

60 In the barrel portion of each of the bottles A-C and B-D, the average thickness of the outer layer was 220 ixm, 60 
the average thickness of the intermediate layer was 20 ^ and the average thickness of the inner layer was 220 

The barrel portion was cut out and the adhesion strength between the intermediate layer and the outer or 
inner layer was measured by a Tensilon tester. It was found that the adhesion strength was 890 g/cm^ in the 
65 bottle A-C and 720 g/cm^ in the bottle B-D (each value was a mean value obtained with respect to 10 samples). 65 
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Furthermore, the oxygen permeation rate was measured by the GC method. It was found that at a tem- 
perature of 37Xand a relative humidity of 0%, the oxygen permeation rate was 7.5cc/m^day-atm in the botti 
B-D, and that at a temperature of 30^0 and a relative humidity of 80%, the oxygen permeation rate was 7.1 
cc/m^-day-atm in the bottle A-C and 9.5 cc/m^ day-atm in the bottle B-D 
5 Afterthe operation has been continuously conducted for 21 days (about 500 hours), adhesion of the deter- 5 
loratlon product to the screw of the second extruder was checked, it was found that the screw usedfor 
extrusion of the pellet A had no adhering deterioration product, butthe deterioriatlon product was deposited 
in a thickness of about 1 .5 mm on the screw used for extrusion of the pellet B from the compression zone to 
the metering zone. 

10 10 

Examples and Comparative Example 3 

A mixture of 1 00 parts by weight of the mixture C used in Example 2 and 30 parts by weight of a pulveriza- 
tion product of flashes formed at the blow-forming of the bottle A-C was su ppiied to the first extruder used in 
Example 2 and the pelietAwassuppliedtothesecond extruder used in Example 2, and a blow-molded 

1 5 multi-layer bottle (hereinafter referred to as "bottle C-A-C") having an inner capacity of 500 cc was prepared in 15 
the same manner as described in Example 2. For comparison, a blow-molded multi-layer bottle (hereinafter 
referred to as "bottle D-B-D") having an innercapacity of 500 cc was prepared In the same manner as descri- 
bed above except thatthe resin D was used instead of the mixture C and flashes of the bottle B-D were used 
instead of the flashes of the bottles A-C. 

20 In each of the barrel portions of the bottles, the average thickness of the intermediate layer was 240 |x, the 20 
average thickness of the intermediate layer was 20 \s. and the average thickness of the Inner layer was 240 p.. 

The barrel portion was cut out from each bottle and the adhesion strength between the intermediate layer 
and the inner or outer layer was measured by a Tensilon tester. It was found thatthe adhesion strength In the 
bottle C-A-C was 870 g/cm^ (mean value determined with respect to 1 0 samples) and the adhesion strength in 

25 the bottle D-B-D was 680 g/cm^ (mean value determined with respectto 10 samples). 25 
After initiation of the molding operation, adhesion of a gelantinous substance to the die lip was checked. It 
was found that in case of the bottle C-A-C, no gelatinous substance adhered to the dip lip. On the other hand, 
in case of the bottle D-B-D, after passage of 1 hourfrom the point of initiation of the molding operation, a 
gelatinous su bstance began to adhere to the die lip. Therefore, the molding operation was continued while 

30 removing the gelatinous substance at intervals of 30 minutes. After about 1 hour had passed from the point of 30 
initiation of the molding operation, 1000 bottles were sampled. Barrel portions were cut outfrom these 
bottles, and sheets were prepared from the barrel portions and the deterioration products were checked in 
the same manner as described in Example 1 . In case of the bottle C-A-C, the deten'oration product was found 
in one bottle among 1 000 bottles, and in case of the bottle D-B-D, the deterioriation product was found in 61 

35 bottles among 1000 bottles. 35 
Afterthe operation had been continuously conducted for 21 days, the screw of the first extruder was drawn 
out and examined. In case of the bottle C-A-C, adhesion of the deterioration productto the screw was not 
found, but in case of the bottle D-B-D, the deterioration product was deposited in a thickness of 2 mm on the 
average on the screw from the compression zone to the metering zone. 

40 40 
Example4 

To 100 parts by weight of polypropylene were added 0.07 parts of calcium stearate,0.05 parts by weight of 
magnesium hydroxide and 0.2 part by weight of BHTas an antioxidant, and 5 parts by weight of an ethylene/ 
vinyl alcohol copolymer (EVOH) having a n ethylene content of 30 mole% was added to the mixtu re and the 

45 composition was blended by a Henschel mixer. The resulting polypropylene resin composition was supplied 45 
to a first extruder for formation of inner and outer layers and the above-mentioned EVOH was supplied to a 
second extruder for formation of an intermediate layer. In order to strengthen the adhesion between the 
polypropylene resin composition layer and the EVOH layer, maleic acid-modified polypropylene was supp- 
lied to a third extruder forformation of adhesive layers. Thus, a 5-layer parison was formed by melt extrusion 

50 molding. The parison was supplied into a blow and was subjected to blow molding under a blow pressure of 6 50 
kg to form a multi-layer vessel having an inner capacity of 1 000 cc. 

When this melt extrusion molding was continuously conducted for 50 hours, adhesion of a foreign subst- 
ance to the vessel wall was not observed, and scorching or adhesion to the extruder screw was not caused 
and formation of a gum on the die head was not found. 

55 55 
Example 5 and Comparative Examples 4 and S 

A5-layer blow-formed vessel was prepared from a parison formed by extruding different molten resins 
independently from three extruders and combining them in a common die. More specifically, 0,1 part by 
weig ht of calcium stearate, 0.1 part by weight of magnesium hydroxide and 0. 1 part by weight of magnesium 

60 hydroxide and 0.1 part by weight of 2,6-di-tert-butyt-p-cresol (BHT) as an antioxidant were added to 100 parts 60 
by weight of polypropylene and the mixture was blended by a Henschel mixer. The mixture was extruded at 
230°C by an extruder to obtain a polypropylene pellet having a melt indexd of 1 .2 g/10 min. This pellet was 
mixed with 30% by weight of a scrap resin composed mainly of ethylene/vinyl alcohol copolymer (EVOH) 
having an ethylene content of 30 mole%, and the resulting blend was supplied to a first extruder forformation 

65 of innermost layers. The above-mentioned EVOH was supplied to a second extruder for formation of an 65 
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intermediate layer. Modified polypropylene grafted with 0.8% by weight of maleic anhydride was supplied to 
a third extruder for formation of adhesive layers for bonding the intermediate layer to the Innermost and 
outermost layers. Thus, a 3-resin 5-layer parlson was formed, and the parison was subjected to blow forming 
under a blow pressure of 6 kg to obtain a multi-layer vessel having an inner capacity of 1000 cc. This extruder 
molding was continuously conducted for 24 hours. 

For comparison, multi-layer vessels were prepared in the same manner as described above except that the 
amount of magnesium hydroxide added to 100 parts by weight of polypropylene applied to the first extruder 
was changed to 0 part by weight (Comparative Example 4) or 0.005 parts by weight (Comparative Examples), 
and the extrusion molding was continuously conducted for 24 hours. 

The obtained results are shown in Table 1 . 



10 



TABLE 1 



15 

Examples 

Comparative 
20 Example 4 

Comparative 
Exam pie 5 



Appearance 
of Vessel 

no adhesion of 
foreign substance 
yellowish brown 
specks of foreign 
substance 
ditto 



Scorching A dheslon 
to Screw of First 
Extruder 
not observed 

conspicuous 



conspicuous 



Adhesion (Gum) 
to Die Head 

not observed 

conspicuous 

conspicuous 



15 



20 



25 Example 6 and Comparative Examples 6 and 7 25 
A 4-resin 6-layer blow-formed vessel was prepared from a parison formed by extruding different molten 
resin independently from 4 extruders and combining them in a common die. More specificaliy, a pellet 
formed by adding 0.7 part by weight of calcium stearate, 0.7 part by weight of magnesium oxide and 0.1 part 
by weight of BHTas an antioxidant to 100 parts by weic nf polypropylene, blending the mixture by a 

30 Henschel mixer and extruding the blend of 230*'C by ai uder was supplied to a first extruder, a scrap resin 30 
formed in this example (the composition obtained by a -g 5 parts by weight of EVOH to 100 parts by weight 
of the above-mentioned pellet), was supplied to a second extruder, EVOH was supplied to a third extruderand 
maleic anhydride-modified polypropylene was supplied to afourth extruder. Thus, a 4-resin 6-layer parison 
having a layer structure of polypropylene/scrap resln/modified polypropylene/EVOH/modified poly- 

35 propylene/poiypropylene from the outside was formed, and the parison was subjected to blow forming 35 
under a blow pressure of 6 kg to obtain a multi-layer vessel having an inner capacity of 1000 cc. This extrusion 
blowforming was continuously conducted for 24 hours. 

For comparison, multi-layer vessels were prepared in the same manner as described above except that the 
amount of magnesium oxide added to 100 parts by weight of polypropylene was changed to 0 part by weight 

40 (Comparative Example 6) or 2 parts by weight (Comparative Example 7). In Comparative Example 6, yellow 40 
specks ofaforeign substance appeared in thescrap resin layer ofthe vessel, a scorched substance was 
deposited on the screw ofthe second extruder, a considerable amount of a gum-like deterioration product 
was formed on the die head, and the continuous operation was often interrupted, in Comparative Example 7, 
scorching on the screw ofthe extmder and formation of a gum-like deterioration product on the die head 

45 were controlled, but the bottle was poor In the transparency and the commercial value ofthe cessel was low. 45 
On the other hand, disadvantages caused in Comparative Examples 6 and 7 were not observed In Example 6. 



< CLAIMS 

50 1. A vessel comprising at least one constituent layer composed of a resin composition comprising (i) an 50 
' ethylene/vinyl alcohol copolymer, (ii) a resin selected from the group consisting of a propylene resin and a 

polar group-containing thermoplastic resin having in the main chain or side chain a carbonyl group derived 
from a compound selected from the group consisting carboxylic acids, carboxylic acid salts, carboxylic an- 
hydrides, carboxylicacid esters, (iii) at least one stablizier selected from the group consisting of alkaline earth 

55 metal hydroxides, oxides and silicates and alkaline earth metal salts of higher fatty acids and (iv) an antioxi- 55 
dant. 

2» A vessel as set forth in claim 1 , wherein the amounts ofthe ethylene/vlnyl alcohol copolymer (i), the 
resin (ii), the stabilizer (iii) and the antioxidant (iv) are 1 to 90%by weigh t, 5 to 98% by weight, 0.01 to 3% by 
weight and 0.01 or 3% by weight, respectively, based on the sum of thecomponents (i), (ii), (iii) and (iv). 
60 3. Avesselassetforth in claim 1, wherein the ethylene/vinyl alcohol hasa vinyl alcohol unit content of 30 60 
to80mole%. 

4. A vessel as set forth in claim 1 , wherein the carbonyl group content in the thermoplastic resin is 5 to 
1000 meq per 100 ofthe resin. 

5. A vessel as set forth in claim 1, wherein the stabilizer is magnesium hydroxide. 

65 6. A vessel as setforth in claim 1, wherein thestabilizer is a magnesium saltof a higherfatty acid. 65 
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7. A vessel as set forth in claim 1, wherein the stabilizer is a mixture comprising magnesium hydroxide 
and a magnesium salt of a higherfatty acid at a weight ratio of from 1/10 to 10/1. 

8. A vessel comprising at least one constituent layer composed of a resin composition comprising (i) an 
ethylene/vinyl alcohol copolymer, (il) a polar group-containing thermoplastic resin having in the main chain 

5 or side chain a carbonyl group derived from a compound selected from the group consisting of carboxylic 5 
acids, carboxylic acid salts, carboxylic anhydrides, carboxylic acid amides, carboxylic acid esters and car- 
bonic acid esters, (iii) at least one stabilizer selected from alkaline earth metal hydroxides, oxides and silicates 
and alkaline earth metal salts of higherfatty acids, (iv) an antioxidant and (v) an olefin resin. 

9. A vessel as setforth in claim 8, wherein the amounts of the ethylene/vinyl alcohol copolymer (i),the 

10 thermoplastic resin (ii), the stabilizer (Iii), the antioxidant (iv) and the olefin resin (v) and 1 to 90% by weight, 1 10 
to 90% by weight 0.01 to 3% by weight, 0.01 to 3% by weight and 5 to 98% by weight, respectively, based on 
the sum of the components (i), (ii), (iii), (iv) and (v). 

10. Avessel as setforth in claim 8,where?ntheethylene/vinyi alcohol wasa vinyl alcohol unit contentof 
30to80mole%. 

15 11. A vessel as set forth in claim 8, wherein the carbonyl group content in the thermoplastic resin is 5to 15 
1 000 meq per 1 00 of the resin. 

12. Avessel as setforth in claim 8, wherein the stabilizer is magnesium hydroxide. 

13. Avessel as setforth in claim 8, wherein the stabilizer is a magnesium salt of a higher fatty acid. 

14. Avessel as set forth in claim 8,wherein the stabilizer is a mixture comprising magnesium hydroxide 

20 and a magnesium salt of a higher fatty acid at a weight ratio of from 1/10 to 10/1. 20 

15. Avessel as setforth in claim 1, which has a multi-layer structure comprising inner and outer surface 
layers composed of a polypropylene resin, an intermediate layer composed of an ethylene/vinyl alcohol 
copolymer having a vinyl alcohol content of 30 to 80 mole%, a layer of said resin composition formed be- 
tween the inner surface layer and the intermediate layer and/or between the outer surface layer and the 

25 intermediate layer, and an adhesive layerformed between the inner and outer surface layers and the inter- 25 
mediate layer. 

16. A vessel substantially as described with reference to any oneof the Examples. 
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